The peripheral blood flow in all species is widely to the placenta was reduced from about 60 to redistributed during hypoxia. Dependent upon about 32 per cent during hypoxia. the species and the respiratoryresponsealowering In a study using the macroaggregate distribution of the arterial P Oa gives an increase in c rdiac technique POWER et al. [ISjfoundthatthedistribuoutput and in heart f requency, or a decrease in the tion in the placenta became more uniform, when same parameters [11] . The general pattern of the animal was hypoxic, giving a less variable response is a reduction of blood flow to most local relation between the maternal and fetal flow. organs, but preservation or even an increase of This indicates a placental vasodilatation. blood flow to vital organs -the brain and the The present experiments were performed to myocardium. In pregnancy a special Situation is investigate whether hypoxic vasoconstriction established since the placenta is a non-vital organ takes place in the uterus-placental circulation in for the mother but a vital organ for the fetus. the pregnant rabbit, and if so, what the mechanism The question arises, whether the Uterus-for vasoconstriction might be. placenta circuit will take part in the general peripheral vasoconstriction during maternal . _,, . . Έ ^, , ϊ . * i^ t ui j Λ ·ιι t-* Material and Methods hypoxia, or whether the blood flow will be preserved.
catheter. Blood gas measurements were made on a Radiometer pHM27-gas monitor equipment, using a CLARK-type P Oa electrode and a SEVERING-HAUS-type P COa electrode. Radioactive microspheres (vide infra) were injected via a PE 160 catheter inserted with the tip in the left cardiac ventricle, the position being controlled by pressure measurement. The reference blood sample was withdrawn through a catheter in the left femoral artery at a constant rate (2.93 ml/min). The withdrawal was started 15 seconds before the injection of microspheres, and was continued for a total time of two minutes. The microspheres were injected over a period of 15-20 seconds. The injection chamber was carefully agitated before and during the injection using a high frequency mechanical whirlmixer, and afterwards the chamber was flushed with 6 to 12 ml of 6 per cent Dextran, according to the volume withdrawn. To check whether the time of sampling was long enough, the blood was collected in two portions, the second portion collected during the last 15 seconds. To check whether the microspheres became well mixed in the cardiac Output during the left ventricular injection, blood was withdrawn simultaneously and at identical rates from one brachial äs well äs from one femoral artery, and the radioactivities of the two blood samples were compared (10 cases). Periods of normoxia and hypoxia were alternated by ventilating the animals with gas mixtures of 30 per cent and 10 per cent oxygen. Thus, in 10 experiments the period of normoxia preceded the hypoxic period and in 4 experiments the reverse was true. Blood gas determinations demonstrated that a steady state Situation was usually established when the animal had been ventilated with the desired gas mixture fo* ten minutes. Atthis stage the radioactive microspheres were injected. Cardiac Output was measured before, during and after the different stages of normoxia and hypoxia by means of a thermodilution method. At each stage the mean of 3-4 separate determinations was calculated. With the help of a calibrated jetsyringe one ml of saline (room temperature) was injected through the left ventricular catheter. The saline was injected manually in approximately 0.1 seconds. A fine calibre thermistor placed in the aorta recorded the variations of temperature. The thermistor was connected to a WHEATSTONE bridge to give a maximal linearity around 37 to 38°C The signal was recorded on a linear potentiometer writer (SERVOGOR). The calculations were performed according to GANZ [8] . In five additional experiments the effects of hypoxia on the uterine circulation was tested after blockade of the adrenergic #-receptors with phenoxybenzamine (Dibenzyline ®), 10 mg/kg. The drug was given slowly i. v. before both the normoxic and hypoxic blood flow determinations were performed. At the end of the experiment the rabbit was killed with an overdose of pentothal. The heart was opened and the position of the catheter tip in the left ventricle was checked. Sample was taken from the lung to see the degree of existing a-v shunts. The Uterus, placenta, vagina, ovaries and kidneys were removed, dissected and weighed. The organs were cut in small pieces and packed in plastic tubes, 15 X 150 mm. Great care was taken to allow the organs to fill the bottoms of the tubes and not to let the tissue surface exceed two centimeters from the bottom.
The microspheres
Two types of radioactive carbonized microspheres were used, namely 46 Scandium and 169 Ytterbium, either 25 ± 5 (SD) or 35 ± 5 (SD) micron in diameter, with a density of 1.3 to 1.6 (MINNESOTA MINING & MANUFACTURING Co.). The spheres were delivered suspended in 20 per cent Dextran. The initial specific activity of the homogenous sphere Suspension was 0.1 mCi/ml. To obtain a homogeneous Suspension a whirlmixer was used during the experiments. About 0.25 ml of the nuclide Suspension was injected. This corfesponded to an amount in single spheres of around 100.000 with a diameter of 35 micron, and around 210.000 when the diameter was 25 micron. Radioactivity was measured with a lead-shielded well scintillation detector using a 2 2 inches thalliumactivated sodium iodide crystal. The Output of the detector was connected to a gamma spectrometer (PACKARD auto-gamma spectrometer). 1000 volts were applied to the photo multiplier tube. Cs Standard were made using a 2 per cent * = 0.05 > P > 01 >|<>|< = 0.01 > P > 0.001 window setting. **>!< = P < O· 001 · 137
Cs has a major peak at 662 kev, 46 Sc has two peaks at 890 and 1120 kev, while 169 Yb has its 2 Results major peaks at 177 and 198 kev. Finally the gain N O specific effects of the anesthesia or the surgical of each channel was adjusted in such a way that procedure on the animals were observed [13] . the major peaks of 169 Yb were counted in window Comparison between the radioactivity in the blood A, and those of 46 Sc in window B. The energy samples drawn simultaneously from the femoral was counted simultaneously in two channels. an d brachial artery demonstrated that the microWith the window settings used 169 Yb was counted spheres were well mixed in the blood. The ratio only in window A, while 46 Sc was counted in between the radioactivity in the femoral and both Windows. The ratio (r) of Yb, in window A to that seen in window B was calculated at each measurement, and was found to be almost constant during each measurement period (0.27-0.29). and 1.06 ± 0.17 (SD) for 46 Sc. The collected reference blood samples were divided in two parts, the last part consisting of blood drawn during the last 15 seconds. Activity The measured radioactivity was registrated on a was counted in both parts of the blood samples. punch-tape, which was used for automatic cal-L ess t han l per cent of the total activity counted culations on a table calculator,in which consideration was taken to the decay of the nuclides used [16] . To calculate the specific activity of each single microsphere (after background subtraction) the activity of known numbers of Sc was found in the last 15 seconds portion. Thus, two minutes was an adequate period of time for sampling. To examine whether a-v shunts large enough to allow the passage of 25 or 35 micron spheres was counted along with the tissue samples at each existed in the rabbit, organ samples were taken measurement. Based on these calculations, the f rom t h e lungs and the activity counted. It was number of spheres in each sample was determined. t h en assumed, that the part of the lung examined To decrease the error of blood flow determination due to random distribution of microspheres, no organ sample was accepted unless it contäined at least 400 microspheres [3] , In the statistical analysis of the results the mean (X), the Standard deviation (SD) and the Standard during normoxia and hypoxia. The values were error of the mean (SEM) were calculated. Com-obtained after the animals had been breathing parisons were carried out with the help of Group either 30 per cent or [10] [11] [12] [13] [14] [15] None of the animals showed any change of blood pressure during the injection of microspheres. Some of the rabbits had a slight depression of heart frequency, but it was restored in a few seconds.
The effect on blood gases can be seen in Tab. II. By ventilating the animals with air for normoxia, it proved difficult to keep P a at a normal level, probably because of atelectasis, so the animals were ventilated with 30 per cent oxygen. The changes in blood flow to Uterus, placenta, vagina, ovaries and kidneys when going from normoxia to hypoxia are graphically demonstrated in Fig. 1 . Under normal conditions, without 0i-blockade, there was a significant reduction in blood flow (ml/(min X 100 g)). This decrease of blood flow is parallelled by an increased vascular resistance during hypoxia (Tab. III).
When the #-adrenergic receptors were blocked before the experiment, cardiac Output and mean arterial blood pressure feil, while heart frequency increased, s compared to the nonblocked Situation, Tab. I. When hypoxia was instituted no statistically significant changes of these variables occurred except in mean arterial pressure.
The blood flow to the various organs studied showed small variations during hypoxia in the α-receptor blocked Situation. Blood flow (ml/ (min X 100 g)) to the kidneys decreased moderately, from 249 (± 65.2) to 165 (± 44.0) during hypoxia (P < 0.05), while neither the blood flow through the Uterus, placenta, vagina or the ovaries demonstrated a statistically significant change. The lack of effect of hypoxia on vascular resistance after blockade is apparent from Tab. III. In this series of experiments hypoxia caused a consistant and significant faU in blood flow to the myometrium, and an even more pro·* nounced fall in flow to the placenta (Fig. l , Tab. IV). This is in contrast to the observations of an increased blood flow to the uterus of ewes obtained by the direct flow-metering method of The cardiac Output of the rabbit was found to be Assali et al. [2] . The present results, however, are close to 700 ml/min or 148 ml/(min χ kg). The in accordance with the findings of DILTS et al. figures obtained are somewhat higher than those [4], who used the. electromagnetic flowmeter of NEUTZE et al. [13] , who used dye-dilution method on ewes to estimate the flow to uterus, curves and found a cardiac Output of 110 ml/ but somewhat different from DUNCAN'S results (min χ kg). As known from human beings, the [6] . She found no diminution in myometrial flow, cardiac Output increases during pregnancy [12] . but a reduction in placental flow, The reason for The difference in values might depend on the this discrepancy is not apparent. It should be different methods used, but might also depend on noted, however, that DUNCAN'S report does not pregnancy in itself. The increase in late pregnancy contain Information about the number of spheres has been claimed to be about 30 to 40 per cent. trapped in the myometrium -an item of inThe higher values in the present investigation formation recently demonstrated to be of vital might therefore be acceptable considering that importance for the statistical error of determina-NEUTZE et al. [13] , and EDWARDS et al. [7] , gave tion [3].
Previous investigations by GREISS et al. [9] demonstrated a vasoconstrictor response in the uterine vascular bed during Stimulation of sympathetic nerve fibres and OWMAN et al. [14] using a histochemical method were able to demonstrate adrenergic nerve fibres reaching both the myometrial smooth muscle cells and the blood vessels of the myometrium. The present investigation with α-blockade can be best explained by the existence of <%-adrenergic receptor sites in the vessels of the myometrium, and makes it probable that the vasoconstriction here during hypoxia is mediated by sympatho-adrenergic vasoconstrictor mechanisms (Tabs. III-IV), but s no innervation has been dimonstrated in placenta, it seems probable, that the diminished flow is mediated via released circulating catecholamines.
In conclusion, the present experiments suggest that all the female reproductive organs, including the myometrium and the maternal part of the placenta, take part in a generalized peripheral vasoconstriction imposed by maternal hypoxia. The results further suggest that this vasoconstriction is mediated by liberated catecholamines acting on α-adrenergic receptor sites both in the myometrium and the placenta.
Summary
The vascular System generally reacts to a Hypoxie Stimulus with a reduction of blood flow, though in some vital organs, s for example the heart and the brain, an increase of blood flow is observed during hypoxia. In pregnancy a special Situation is established, since the placenta is a non vital organ to the mother, but a vital organ to the fetus. Controversy exists in the literature whether a vasodilatation or a vasoconstriction takes place in the placenta and the myometrium during hypoxia. Uterine circulation studies have been complicated to perform because of the complex arrangement of the vascular supply. As it is the placenta which is of interest in the exchange of products between the mother and the fetus, it is also the flow to this organ which is of special importance. After the introduction of the microspheres in the circulation studies, it has become possible t o evaluate flow changes t o and within previously inaccessible organs, s for instance the placenta. The present investigation was designed to study the effect of hypoxia on the vascular bed of the maternal part of the placenta and the myometrium and to elucidate the role of sympathoadrenal mechanisms in these reactions. Utero-placental circulation studies were performed on 14 pregnant rabbits, with dated gestation (25-30 days). Anesthesia was induced and maintained with pentothal. The animals were artificially ventilated, and heart frequency and blood pressure were c ntinuously recorded. The animals were alternatingly ventilated with 10 or 30 per cent oxygen. To avoid a systematic effect from a deterioration of the preparation the animals were ventilated in such a way that normoxia preceded hypoxia in ten animals, and in four animals the reverse was true. Blood gases were determined at interyals, cardiac Output was determined repeatedly with a thermodilution method. Radioactive microspheres of 25 or 35 micron diameter, tagged with either 46 Sc or 169 Yb were used to measure myometrial and placental blood flow during normoxia and hypoxia. After a steady state had been achieved (checked by blood gas determinations) with either normoxia or hypoxia, the microspheres were injected through a catheter placed in the left cardiac ventricle. Assuming that the microspheres are distributed in proportion to regional blood flow, blood flows were calculated from the number of spheres trapped in each organ related to the number of spheres in a reference sample, drawn from one femoral artery at a constant, known rate during and after the injection. The effect of α-receptor blockade was tested by giving phenoxybenzamine (10 mg/kg) to the rabbit. The mixing of the microspheres in the blood after the ventricular injection was checked in ten animals by drawing simultaneously samples from the femoral and the brachial artery at equal rates. The results indicate a complete mixing. The PO Z changed from 92 ± 3 mm Hg during normoxia to 37 ± l mm Hg during hypoxia. No influence was observed in PcO2 °r pH (Tab. Π). Α decrease in cardiac Output and heart frequency was induced by hypoxia, no effect was seen on blood pressure (Tab. I). A significant decrease in myometrial blood flow was seen from 15.2 ± 1.7 ml/min to 9.2 ± 1-1 ml/min parallelled by an increase in vascular resistance from 3.13 to 5.71 when changing from normoxia to hypoxia (Tabs. III-IV, Fig. 1) . A still more pronounced decrease was observed in the placental blood flow from 24.3 ± 7.0 ml/min to 7.4 ±1-9 ml/min, here too parallelled by an increase in vascular resistance from 2.17 to 8.36. Blockade of the ot-receptors induced a reduction of mean arterial pressure from 81 mm Hg to 43 mm Hg together with a decrease of the cardiac Output from 698 to 560 ml/min (Tab. I). Since hypoxia induced a reduction of the mean arterial pressure during α-blockade, it seemed more meaningful to study the change in vascular resistance instead of the changes in blood flow during these circumstances. During α-blockade the vascular resistance to the myometrium was 2.51 and 2.58 respectively when changing from normoxia to hypoxia. Correspondingly the vascular resistance to the placenta changed non-significantly from 4.75 to 5.60 in the same situations. The effectiveness of the amount of phenoxybenzamine given to block the α-receptors, was verified by observing that no change in vascular resistance to the kidneys was introduced when changing from normoxia to hypoxia during -blockade (vascular resistance 0.20 to 0.24 respectively). Thus, a clear lack of hypoxic effect on the myometrium and the placenta was demonstrated, when oc-blockade was added.
The present investigation demonstrated that a reduction in placental blood flow to one third of its initial value was induced during hypoxia. Furthermore it was demonstrated, that the effect of hypoxia on the placental and myometrial blood flow was mediated via liberated catecholamines.
Keywords: -adrenergic blockade, blood flow (myometrial, placental) hypoxia, normoxia, rabbits.
Zusammenfassung
Untersuchungen über den Einfluß einer Hypoxie auf die uterine und plazentare Durchblutung sowie die Wirkung von Beta-Adrenergika Das Gefäß-System beantwortet einen hypoxischen Reiz generell mit einer Reduktion der Durchblutung. In manchen lebenswichtigen Organen jedoch, wie z.B. dem Herzmuskel und dem Gehirn, beobachtet man eine Zunahme der Durchströmung während der Hypoxie. Während der Schwangerschaft besteht eine besondere Situation insofern, als die Plazenta für den Feten ein lebenswichtiges Organ darstellt, nicht jedoch für die Mutter. Die Frage, ob während einer Hypoxie eine plazentare und myometriale Vasodilatation oder Vasokonstriktion einsetzt, wird in der Literatur unterschiedlich beantwortet. Die Untersuchungen über die uterine Zirkulation waren auf Grund der unübersichtlichen Gefäß Versorgung erschwert. So wie die Plazenta im Hinblick auf den Austausch von Substanzen zwischen Mutter und Feten von Interesse ist, so ist auch die Durchblutung dieses Organes von ganz besonderer Bedeutung. Nach Einführung der MikroperlenTechnik in Durchblutungs-Studien gelang es, Durchströmungs-Änderungen auch jener Organe zu messen, die noch wenig zuvor als unerreichbar galten, wie z. B. die Plazenta. In der vorliegenden Untersuchung sollte die Wirkung der Hypoxie auf das Gefäßbett der mütterlichen Seite der Plazenta und des Myometriums studiert und die Rolle der sympato-adrenalen Mechanismen bei diesen Reaktionen beleuchtet werden. Die utero-plazentaren Durchblutungs-Studien wurden an 14 schwangeren Kaninchen im Gestationsalter von 25 bis 30 Tagen durchgeführt. Die Narkose wurde mit Penthotal eingeleitet und aufrechterhalten. Die Tiere wurden künst-lich beatmet, und Herzfrequenz sowie Blutdruck kontinuierlich aufgezeichnet. Die Tiere wurden im Wechsel mit 10 bzw. 30% Sauerstoff beatmet. Um eine systematische, negative, durch die Versuchsanordnung bedingte Wirkung zu vermeiden, wurden 10 Tiere so beatmet, daß die Normoxie der hypoxischen Phase vorausging, während bei vier Versuchstieren das Gegenteil der Fall war. Die Blutgase wurden intermittierend, das Herzschlag-Volumen wiederholt mit Hilfe der Thermodilutionsmethode gemessen. Für die Messung der myometrialen und plazentaren Durchblutung während der normoxischen und hypoxischen Phasen wurden radio- Beim Wechsel von Normoxie auf Hypoxie zeigte sich eine signifikante Abnähme der myometrialen Durchblutung von 15,2 ± 1,7 ml/min, auf 9,2 ± 1,1 ml/min., der eine Zunahme des Gefäß-Widerstandes von 3,13 auf 5,71 entsprach (Tab. III-IV, Fig. 1 ). Eine noch stärkere Abnahme konnte beobachtet werden bei der plazentaren Durchblutung, die von 24,3 ± 7,0 ml min. auf 7,4 ±1,9 ml/min, absank und ebenfalls von einer Zunahme des Gefäß-Widerstandes von 2,17 auf 8,36 begleitet war. Yb furent utilisees pour determiner les debits placentaire et uterin au cours de l'oxygenation normale et de Phypoxie. Apres Petablissement d'un etat d'equilibre (mis en evidence par la mesure des gaz du sang) sous oxygenation normale et sous hypoxie, on injecta les microspheres dans la cavite cardiaque gauche ä Paide d'un catheter. En postulant que les microspheres se distribuent dans la circulation sanguine proportionellement au dibit sanguin dans chaque organe, les debits sanguins furent mesures en calculant le nombre de spheres contenues dans chaque organe par rapport au nombre de spheres contenues dans un echantillon de reference, proleve au niveau d'une artere fomorale et presentant un taux de radioactivite connu et constant pendant et pres Pinjection. On etudia Peffet du blocage des recepteurs oc en administrant 10 mg/Kg de phenoxybenzamine ä la lapine. On determina Phomogonoito du molange des spheres dans la circulation en prolevant simultanement des echantillons de radioactivite egaux dans les arteres humerale et femorale. Les rosultats obtenus mirent en evidence Phomogeneite du melange. La Po a passa de 92 ± 3 mm Hg pendant l'oxygenation normale ä 37 ± l nim Hg pendant Phypoxie. On n'observa aucune difFerence de Pco 3 ni de pH (Tab. II). L'hypoxie provoqua une diminution du dobit et du rythme cardiaques, mais pas de modification de la pression sanguine (Tab. I). Lors du passage de Petat d'oxygenation normale ä Phypoxie, on observa une chute significative du debit myometrial de 15,2 ± 1,7 ml/min ä 9,2 ± 1,1 ml/min, et une augmentation de la resistance vasculaire de 3,13 ä 5,71 (Tab. III-IV, Fig. 1 ). La chute de debit la plus importante concernait le dobit placentaire qui passa de 24,3 ± 7 ml/min ä 7,4 ±1,9 ml/min. Egalement dans ce cas, on observa une augmentation de la resistence vasculaire de 2,17 ä 8,36. L'inhibition des recepteurs oc produisit une reduction de la pression arterielle moyenne de 81 mm Hg ä 43 mm Hg, associee ä une chute du debit cardiaque de 698 a 560 ml/min (Tab. I). Etant donne que Phypoxie provoque une diminution de la pression arterielle moyenne lorsqu'elle est associee ä un blocage des recepteurs a, il a semble plus logique d'etudier les modifications de la resistance vasculaire, plutöt que les variations de debit dans ces memes circonstances. Lors de Pinhibition des recepteurs a, la resistance vasculaire ä travers le myometre fut de 2,51 et de 2,58 en cas de normoxie et d'hypoxie. De meme, la resistance vasculaire ä travers le placenta ne se modifia pas de fagon significative. Elle fut respectivement de 4,75 et de 5,60 dans les conditions identiques. L'efficacite de la dose de phenoxybenzamine necessaire pour inhiber les recepteurs a, fut verifide par Pabsence de modifications de la rosistance vasculaire renal au cours du passage de la normoxie ä Phypoxie (les valeurs furent respectivement de 0,20 et de 0,24). En conclusion, ceci nous a permis de mettrc en dvidence la suppression des eflets de Phypoxie sur le myometre
